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The present investigation evaluates the ability of several electrocardiographic (ECG) and electrophysiologic methods to identify multiple accessory pathways in 47 patients in whom the presence and sites of multiple accessory pathways were confirmed intraoperatively. To The purpose of the present investigation was twofold. The first was to determine the contribution of preexcited QRS morphology during induced atrial fibrillation to the diagnosis of multiple accessory pathways and, second, to characterize the 12-lead QRS morphological features of specific combinations of multiple accessory pathways.
Methods
The aim of this study was to test the ability of the 12-lead electrocardiogram (ECG) to diagnose and locate multiple accessory pathways. Therefore, we 12-lead ECG morphology (present in >75% of patients) during maximal preexcitation was noted for each accessory pathway area ( Figure 1 ). The spontaneous cycle length, PR interval, and QRS width were measured in normal sinus rhythm for each epicardial site of accessory pathway. The PR interval and QRS duration were the shortest and longest determinations, respectively, in any 12-lead ECG lead. Population B. The ECG was examined during normal sinus rhythm, rapid right atrial or coronary sinus pacing, and atrial fibrillation to determine the frequency with which the following were recorded: 1) two or more preexcited QRS morphologies, each typical of a separate accessory pathway and 2) preexcited QRS morphologies that were atypical of any single accessory pathway location and thus suggested anterograde conduction with fusion over more than one accessory pathway.
Electrophysiologic Studies
As described previously,2,3 after informed consent was obtained, all patients underwent detailed four-catheter electrophysiologic investigations before surgery, in the fasting, nonsedated, and drug-free state. 
Twelve-Lead ECG Characteristics of Single Accessory Pathways During Maximal Preexcitation
Although the 101 accessory pathways were located in 10 epicardial sites, distinctive maximally preexcited 12-lead ECGs were recognized for only six broad areas around the atrioventricular groove, based on the A wave axis of the first 40 msec of the QRS duration ( Figure 1 and Table 3 ).
The ability of the maximally preexcited 12-lead ECG to predict the sites of single atrioventricular pathways is shown in Table 3 . The overall sensitivity and specificity of the 12-lead ECG for defining the location of accessory pathways were 89% and 93%, respectively. Of note is that in patients in whom the maximally preexcited 12-lead ECG failed to localize (Figure 2 ), or 3) pacing from different right atrial or coronary sinus sites (Figure 3 ). The second feature was a 12-lead ECG pattern during normal sinus rhythm, rapid right atrial or coronary sinus pacing, or atrial fibrillation that was atypical of any of the six characteristic patterns for single accessory pathways, indicating anterograde conduction with fusion over more than one accessory pathway (Figures 4 and 5) . In many instances, a fusion pattern diagnosed multiple accessory pathways but failed to localize individual pathways. However, two unique fusion patterns were recognized ( Figure 5 ).
Right free wall plus posteroseptal accessory pathways had markedly negative A waves in leads II, III, 
Endocardial Mapping in Patients With Multiple Accessory Pathways
The frequency with which endocardial mapping data agreed with intraoperative epicardial mapping findings are shown in Table 4 for the various combinations of multiple accessory pathways. Overall, endocardial mapping during electrophysiologic studies correctly identified the sites and numbers of multiple accessory pathways in 27 (57%) patients. The extra numbers of patients correctly identified by electrocardiographic findings are also shown in single accessory pathways with an overall sensitivity of 89% and specificity of 93%. Although electrocardiograms in patients with right-sided or posteroseptal accessory pathways often showed maximal preexcitation in sinus rhythm, induction of atrial fibrillation or right atrial or coronary sinus pacing was required to achieve maximal preexcitation in most patients with left-sided pathways. Of note, our data also demonstrate that a PR interval of greater than 0.12 seconds almost always identifies a left free wall accessory pathway.
Recognition of 12-lead electrocardiographic patterns that were typical for single accessory pathways provided the basis for electrocardiographic identification of multiple accessory pathways.
Two electrocardiographic features indicated the presence and often the sites of multiple accessory pathways. These were the occurrence at various times of more than one typical preexcited QRS morphology, due to preferential or exclusive anterograde conduction over one or another accessory pathway, and second, simultaneous preexcitation of the ventricle by anterograde conduction over more than one accessory pathway resulting in a QRS pattern that was atypical for any single accessory pathway, but which characterized certain combinations of multiple accessory pathways. Our study underlines the usefulness of recording several 12-lead ectrocardiograms during normal sinus rhythm on different occasions during and at electrophysiologic study as well as during pacing at various cycle lengths and from different atrial sites. Careful review of a patient's electrocardiograms taken over time not infrequently demonstrates two distinct preexcited QRS morphologies recorded on separate days.
Atrial fibrillation plays a key role in the diagnosis of multiple accessory pathways. Of all the techniques available to identify and locate accessory pathways, analysis of electrocardiographic QRS morphology during atrial fibrillation was frequently more successful in uncovering the presence of multiple accessory pathways. In fact, atrial fibrillation was the only method that diagnosed multiple accessory pathways in 11% of patients. Clearly, the longer the electrocardiogram is recorded during atrial fibrillation, the greater the chance of observing QRS morphologies that indicate multiple accessory pathways. We routinely obtained several 12-lead electrocardiograms during atrial fibrillation as well as recorded continuous and simultaneous tracings from five surface electrocardiographic leads and multiple intracardiac leads. Since the QRS morphologies in V1 and V2 are often critical to the differentiation of posteroseptal accessory pathways from accessory pathways in neighboring sites, we suggest that these two leads be recorded throughout the study in addition to three to four other leads. Further, we now routinely record continuously long rhythm strips of all 12-lead electrocardiographic leads during atrial fibrillation at The mechanisms by which multiple accessory pathways become manifest during atrial fibrillation are unclear but probably relate to several factors including variable excitation wavefronts, alterations of conduction and refractoriness of the accessory pathways and their atrial and ventricular connections, and possibly supernormal and concealed conduction.1415
Regarding the latter point, Chen and Prystowsky15 recently demonstrated the effect of retrograde concealed conduction on subsequent anterograde accessory pathway conduction during atrial fibrillation.
An important limitation of the use of atrial fibrillation in the diagnosis of multiple accessory pathways is the occurrence of bundle branch block and premature ventricular complexes that may be confused with multiple preexcited QRS complexes. However, this problem can be minimized by simultaneous recording of a His bundle electrogram. Regarding differentiation of catheter-induced ventricular complexes from preexcited complexes, it is important to determine frequently and fluoroscopically that the intracardiac catheters have not become displaced during atrial fibrillation. We also find it useful to compare QRS complexes during atrial fibrillation with those recorded during right ventricular pacing with catheter(s) in the same sites at both times. Further, wide QRS complexes that "suddenly" disappear with removal of the ventricular catheters during continued atrial fibrillation suggest a diagnosis of catheterinduced ventricular complexes.
Atrial fibrillation is also induced at electrophysiologic studies in patients with Wolff-Parkinson-White syndrome to determine the shortest preexcited RR interval during this arrhythmia and to risk stratify for occurrence of sudden cardiac death. In this context, it has been reported16 that the shortest preexcited RR intervals are shorter in patients with multiple accessory pathways compared with patients who had single accessory pathways.
